Berlin high (BEH) and Berlin low (BEL) strains selected for divergent growth differ threefold in body weight. We aimed at examining muscle mass, which is a major contributor to body weight, by exploring morphological characteristics of the soleus muscle (fiber number and cross sectional area; CSA), by analyzing the transcriptome of the gastrocnemius and by initiating quantitative trait locus (QTL) mapping. BEH muscles were four to eight times larger than those of BEL. In substrain BEHϩ/ϩ, mutant myostatin was replaced with a wild-type allele; however, BEHϩ/ϩmuscles still were two to four times larger compared with BEL. BEH soleus muscle fibers were two times more numerous (P Ͻ 0.0001) and CSA was two times larger (P Ͻ 0.0001) compared with BEL. In addition, soleus femoral attachment anomaly (SFAA) was observed in all BEL mice. One significant (Chr 1) and four suggestive (Chr 3, 4, 6, and 9) muscle weight QTLs were mapped in a 21-day-old F2 intercross (n ϭ 296) between BEH and BEL strains. The frequency of SFAA incidence in the F2 and in the backcross to BEL strain (BCL) suggested the presence of more than one causative gene. Two suggestive SFAA QTLs were mapped in BCL; however, their peak markers were not associated with the phenotype in F2. RNA-Seq analysis revealed 2,148 differentially expressed (P Ͻ 0.1) genes and 45,673 single nucleotide polymorphisms and Ͼ2,000 indels between BEHϩ/ϩ and BEL males. In conclusion, contrasting muscle traits and genomic and gene expression differences between BEH and BEL strains provide a promising model for the search for genes involved in muscle growth and musculoskeletal morphogenesis.
individuals (15, 20) . A large portion of this variation between individuals is hereditary in nature (3, 8) , and the causative genes could offer targets for development of the treatment for muscle wasting conditions. Yet only a limited number of genes driving variation in muscle mass are currently identified (19, 32) .
Mouse strains selected for divergent growth provide a useful model for exploration of the underlying genetic architecture. Skeletal muscle tissue undergoes rapid growth during the first weeks of postnatal growth (12) and contributes substantially to body weight. Because selection studies have often been carried out at Ϸ60 days (7, 14, 29) , they likely captured the alleles relevant to muscle growth. Consistent with this assumption, mapping studies in the crosses involving the selected strains resulted in a rich quantitative trait locus (QTL) harvest for various muscle traits (5, 9, 17, 26) .
Two principal variables contributing to muscle mass, the number and the size of the fibers in individual muscles, respectively, depend on the mitotic properties of the muscle precursor cells and the ability of the differentiated muscle fibers to attain the appropriate cross-sectional area (CSA). The number of fibers in mice is largely determined prenatally by the proliferative capacity of the myoblasts and their ability to differentiate into primary and secondary myotubes (12) and remains largely unchanged through most of the lifespan (40) . In contrast, the size of the fibers shows a rapid growth during the first 4 wk after birth both in length and in CSA (12) . Thus different mechanisms operating during distinct developmental and growth phases contribute to the variation of muscle mass; however, because most of the QTL mapping studies so far have been conducted on the adult animals (22-24, 26, 31) , pre-and postnatal influences cannot be discriminated.
Development of the musculoskeletal system composed of muscle, connective tissue, tendons, ligaments, and bones is a complex and incompletely understood process in mammals (16) . Screening of the musculoskeletal phenotypes in recombinant inbred strains derived from the C57BL/6J and DBA/2J mice revealed anatomical variation of a uniarticular soleus muscle that in several strains also crossed the knee joint, becoming biarticular (25, 27) . This phenotype, soleus femoral attachment anomaly (SFAA), can be a useful model for studying the mechanisms underlying variation in musculoskeletal traits also observed in humans (4, 11) . Such variations alter transmission of generated force and were proposed as a plausible cause of the susceptibility of some individuals to shin splint and stress fractures (11) .
Berlin high (BEH) and Berlin low (BEL) strains have been selected initially for protein amount at 60 days of age from an outbred founder population of undefined background and differ about threefold in body weight (7) . BEH strain is homozygous for the murine myostatin mutation known as compact allele, which increases muscle mass (37) . These strains provide an attractive model for examining genes determining musculoskeletal properties. The aim of the present study was to initiate the mapping of QTL that influence muscle traits during the preweaning period and to explore the transcriptome, an intermediary index of the flow of information between the genome and the end phenotype, of muscle tissue of the two strains.
MATERIAL AND METHODS

Animals.
Male animals originating from BEH and BEL strains were used in this study (n ϭ 16 and n ϭ 21, respectively). BEHϩ/ϩ mice were created by crossing BEH and BEL strains and then repeatedly backcrossing the offspring to BEH for at least 17 generations using marker assisted selection for the wild-type myostatin (1) . Males homozygous for wild-type allele (BEHϩ/ϩ, n ϭ 8) and also offspring of BEH and BEHϩ/ϩ heterozygous for the compact allele of myostatin (BEHc/ϩ, n ϭ 15) were used in the study.
BEL females and BEH males were also mated to generate an F1 offspring. The F1 were intercrossed to produce an F2 cross (n ϭ 296) and backcrossed to each parental strain to derive BC H (n ϭ 62) and BCL (n ϭ 80) backcrosses. The backcrosses were produced to test whether the SFAA phenotype could be a monogenic trait. A study population of the F1s (n ϭ 100) was also generated. The BCH cross was generated by reciprocal matings between BEH and F1 females and males, whereas the BC L was unidirectional, BEL females ϫ F1 males. The direction of mating in BCL was determined by the size of males and females because fertility from the large female and small male pairings can be extremely low (no litters out of 60 matings; L. Bünger, unpublished observation). None of the F1 female-to-BEL male mating was successful in BC L.
Phenotyping. The animals were maintained, euthanized, and dissected to collect the phenotypes at the University of Edinburgh. The animals for this experiment were euthanized humanely under schedule 1 of UK Home Office (HO) regulations. Ear tissue harvest for genotyping for line development was approved by our HO project licence held at that time. Six hindlimb muscles, quadriceps femoris, tibialis anterior, extensor digitorum longus (EDL), gastrocnemius, plantaris, and soleus were dissected unilaterally from BEH, BEHc/ϩ, BEHϩ/ϩ and BEL males at the age of 70 days. Triceps surae (TS) was dissected bilaterally from males and females of the F1, F2, BC H, and BCL populations at age of 21 days. Muscles were weighed (0.1 mg accuracy) on a balance (Pioneer, Ohause), snap-frozen in isopentane chilled in liquid nitrogen, and transferred to a Ϫ80°C freezer. Mean of contralateral TS muscles was used in the analyses.
Heritability estimates (h 2 ) were calculated as follows: h 2 ϭ Vg/Vp, where Vg ϭ VF2 Ϫ VF1 and Vp ϭ VF2 (30) . During dissection soleus muscle was also scored for its anatomical origin as "normal" (i.e., originating on the proximal fibula) or "SFAA" (i.e., originating on the posterior of distal femur).
Histology and imaging. Soleus muscles from BEH (n ϭ 9), BEHc/ϩ (n ϭ 14), BEHϩ/ϩ (n ϭ 8), and BEL (n ϭ 9) males were subjected to histological analyses as described earlier (9) . Briefly, 10 m transverse cross sections were cut from the belly region of the soleus and ATPase-stained following acidic preincubation (pH 4.47) following modified Brooke and Kaiser protocol (6) . This procedure allows an accurate assessment of the fiber number because all soleus fibers traverse the belly of the muscle (35) .
Microscopic images were taken and muscle fiber traits were analyzed using ImageJ software (NIH, version 1.43). The following phenotypes were taken: type 1 and type 2A fiber cross-sectional area (CSA1 and CSA2A, respectively), fiber number, and percentage of type 1 fibers.
Genotyping and QTL analyses. The cross populations were genotyped for 93 markers polymorphic between BEH and BEL strains. The adjacent markers were spaced at a median distance of 29 Mb and are listed in Supplemental Table S1 . 1 The QTL analysis has been carried out with the J/qtl software package (34) . The additive genotypic value (a) has been calculated as half of the difference between the mean of homozygous classes at the peak marker [a ϭ (B E H B E H Ϫ BE L B E L )/2], and the dominance value (d) as the difference of heterozygote from the mid-point of the two homozygous classes
RNA-Seq analysis. To obtain the transcriptional profile of the muscles of extremely divergent size, we conducted RNA-Seq analysis in the gastrocnemius from the BEHϩ/ϩ (n ϭ 3) and BEL (n ϭ 3) males. The BEHϩ/ϩ strain was chosen instead of BEH to avoid possible influence of the myostatin gene, the already known regulator of muscle properties. Total RNA was extracted with TRIzol (Invitrogen Life Technologies, Carlsbad, CA). Approximately 10 g of RNA were submitted to The Genome Analysis Centre (http://www.tgac. ac.uk/) for transcriptome sequencing with the HiSeq 2000 platform. The Illumina TruSeq RNA Sample preparation kit (Illumina, Hayward, CA) was used. Poly-A containing mRNA were purified from 0.5 g total RNA using poly-T oligo-attached magnetic beads in two rounds of purification. Then mRNA was fragmented to Ϸ250 bp fragments by addition of 5ϫ fragmentation buffer (Illumina). Firststrand cDNA was synthesized by random hexamers. Second-strand cDNA synthesis was done by adding GEX second-strand buffer (Illumina), dNTPs, RNaseH, and DNA polymerase I followed by incubation for 2.5 h at 16°C. Second-strand cDNA was further subjected to end repair, A-tailing, and adapter ligation with barcoded adapters. Purified cDNA templates were enriched by 15 cycles of PCR using PCR Primer Mix Cocktail and PCR Master Mix (Illumina), cleaned, and quantified using Bioanalyzer DNA 100 Chip (Agilent Technology 2100 Bioanalyzer). The libraries were normalized to 10 nM and pooled equimolarly in pools of two samples per pool.
Bioinformatics. Sequencing reads were aligned to the reference mouse genome National Center for Biotechnology Information (NCBI) mouse assembly 37 release 65 (NCBI M37.65 chromosomes 1-19, X, Y, and MT were downloaded from ftp://ftp.ensembl.org/pub/ release-65/fasta/mus_musculus/dna/) using tophat v. 1.3.1 (36) allowing one alignment per read and mapping to known exon-exon junctions of known Ensemble genes as annotated in the NCBIM37.65.gtf (downloaded from ftp://ftp.ensembl.org/pub/release-65/gtf/mus_musculus/). The number of reads mapping to each Ensemble gene was counted with htseq (http://www-huber.embl.de/users/anders/HTSeq/doc/ overview.html). Statistical analysis was performed in R using the bioconductor package Deseq (2). Variant analysis was performed with samtools 0.1.14 (21); annotation of variants was performed with seqgene v. 2.3 (10). single nucleotide polymorphisms (SNPs) and indels with variant and mapping quality Ͼ20 and present in all replicate samples were marked as potentially significant.
Statistics. The SPSS statistical package was used (SPSS Statistics 17.0). Data are presented as means Ϯ SD, unless otherwise stated. A one-way ANOVA was used to examine the effects of strain on the number of fibers and percentage of CSA1. CSA1 and CSA2A fibers were analyzed by a two-way paired-measures ANOVA. In the F2 intercross, Pearson or Spearman correlation analyses were carried out depending on Kolmogorov-Smirnoff tests of normality. The difference in variance between reciprocal matings of BCH was assessed by F-test. 2 test was used to analyze the incidence of the SFAA phenotype.
RESULTS
Isogenic populations.
We assessed muscle mass by measuring six hindlimb muscles in males of BEH, BEHc/ϩ, BEHϩ/ϩ, and BEL strains. The BEL strain exhibited four to eight times smaller muscles than the BEH strain or two to four times smaller than the BEHϩ/ϩ strain ( Table 1 ). The largest between-strain difference was observed for the soleus muscle BEH, Berlin high strain; BEL, Berlin low strain; QF, quadriceps femoris; TA, tibialis anterior; EDL, extensor digitorum longus; Gast., gastrocnemius; Plant., plantaris; CSA, cross-sectional area. Berlin low (BEL) strain soleus was substantially smaller compared with the BEHϩ/ϩ strain. B: strain factor but not the compact allele affected the total number of fibers (n between 6 and 14 per group). C: type 1 fibers (black bars) were smaller than type 2A fibers (white bars). The strain factor substantially affected fibers of both types, and the compact allele conferred a further growth of cross-sectional area in a dominant manner (n between 6 and 9 per group). D: proportion of type 1 fibers was comparable between the strains; however, compact allele reduced it in a recessive manner. In A, B, and D, P values or NS (not significant) represent Tukey post hoc test results between the adjacent groups. In C, * and † signify P Ͻ 0.05 and P Ͻ 0.01 difference between type 1 and type 2A fibers, respectively (paired t-test); cross-sectional area of corresponding fiber type in the groups labeled with the same letter is not different, difference between a and b at least P Ͻ 0.01, difference between b and c P Ͻ 0.0001 (Tukey post hoc test).
in a dominant and recessive manner, respectively. Genotypic values for the compact allele on the BEH background are presented in Table 2 .
In all bilaterally examined BEL samples (n ϭ 16) an abnormal site of the anatomical origin of the soleus muscle was noticed. We refer to this phenotype as SFAA (25, 27) .
Cross populations. Weaning weight of the TS varied substantially among the four crosses (P Ͻ 0.00001); however, it did not differ significantly between males and females (P ϭ 0.214), and therefore all subsequent analyses were carried out across sex. Heritability estimate for TS weight was 0.55. The TS weight was about twofold larger in BC H compared with the F1 and BC L populations (both P Ͻ 0.0001) and Ϸ15% larger (P Ͻ 0.001) than in the F2 population (Fig. 2A) . The direction of mating in BC H significantly affected variability of TS weight (F-test for variance difference P Ͻ 0.0001); however, mean weight between the BEH ϫ F1 and F1 ϫ BEH mating did not differ (P ϭ 0.666, Fig. 2B ).
We screened 544 samples for SFAA, and 75 animals exhibited the phenotype unilaterally or bilaterally ( Table 3 ). The incidence of SFAA, however, was not proportional to the sample size of each cross ( 2 test P Ͻ 0.0001), highest in BC L and lowest in BC H populations. Using Mendelian frequencies in BC and F2 populations and on the basis of the observed incidence of SFAA in the parental strains (BEH ϭ 0, BEL ϭ 1), and on the lower and upper limits of 95% confidence interval of the incidence in the F1 population (Table 3) , we tested whether a single gene model is consistent with the SFAA phenotype in the segregating populations with an appreciable incidence of it, BC L and F2. A single gene model predicted statistically significantly higher than observed SFAA incidence in three out of the four tested models (Table 4) .
QTL analyses. Because sex did not affect muscle weight in any of the crosses statistically significantly it was not included as a covariate in the QTL analysis. First we carried out a QTL scan on TS weight in the F2 intercross and identified one significant (peak on chromosome 1 coinciding with the position of compact allele) and two suggestive QTL on chromosomes 4 and 6 (Fig. 3A) . Inclusion of the peak marker on chromosome 1 as a covariate did not reveal any additional QTL (not shown).
We then carried out QTL scans in the combined F2 ϩ BC H , F2 ϩ BC L , and F2 ϩ BC H ϩ BC L populations (type of cross was included as covariate in those analyses). In the instances where the QTL affects the phenotype in a similar manner across different crosses combining the samples should increase QTL detection power. However, it can also result in spurious peaks or reduced power if the QTL effect differs between crosses (Karl Broman, personal communication). To discriminate between these two scenarios we also examined the (Fig. 3) . Both BEH and BEL allele conferred an increase in muscle weight (chromosomes 1, 3 and 4, 6, respectively), whereas heterosis was consistent across all crosses on chromosome 9 (Fig. 3) . Peak marker genotype plot analysis did not support the effect of the QTL on chromosome 4 in either of the backcrosses. Analyses in the F2 ϩ BC H ϩ BC L populations resulted in several QTL peaks not supported by the peak marker genotype plots (not shown), and therefore they were not considered in any further analyses. The genotypic values of all detected QTL are presented in Table 5 . QTL analysis of the incidence of SFAA was carried out with a binary model in the population with the highest frequency of the incidence, BC L . Two suggestive QTL peaks were identified on chromosomes 2 (peak marker rs13476936) and 3 (rs4221957). We then examined the effects of these markers on the incidence of SFAA in the F2 population. This analysis, however, did not support the association of either Transcriptome analysis. Between 38M and 54M RNA-Seq reads were mapped to the genome. To assess the threshold of reliable detection of gene expression, we identified 20 genes expressed in females but not males of LG/J and SM/J strains (28) . The highest expression of these genes in males of BEHϩ/ϩ or BEL strains was used as a threshold for gene expression in subsequent analyses. Transcriptome of gastrocnemius muscle consisted of 13,793 expressed genes (Supplemental Table S2 ). In the between-strain comparison 2,148 genes were differentially expressed (P Ͻ 0.1); transcripts of 1,092 gene were more abundant in BEHϩ/ϩ, and those of 1,056 genes in BEL strain. Expression of 113 genes differed more than five times between the strains.
All significantly differentially expressed genes (2,148 genes) were submitted to DAVID analysis (http://david.abcc.ncifcrf. gov/tools.jsp). DAVID Functional analysis and functional annotation clustering revealed significant enrichment (Benjamini Ͻ 0.1) for genes associated with Gene Ontology terms extracellular matrix, ion binding, regulation of transcription, vascular development, cell adhesion, circadian rhythm, bone development, transcription repressor activity, muscle development, and regulation of striated muscle differentiation (Supplemental Table S3 ).
The analysis of the genomic sequence captured in the transcriptome revealed 45,666 SNPs between the two strains. Of those 2,343 SNPs were nonsynonymous (Supplemental Table  S4 ). No SNPs were identified in a 0.4 Mb region (including the flanking Hibch and Asnsd1 genes) harboring the Mstn gene. This observation suggested the boundaries of the marker assist introgression of BEL allele at the compact locus. In addition, Ͼ2,000 indels were identified, 37 of them resulting in shift of a reading frame (Supplemental Table S5 ).
DISCUSSION
We observed up to eightfold difference in muscle mass between the BEH and BEL strains, indicating that selection for body weight at 60 days of age also segregated genes relevant to muscle development and growth. Based on the histological analysis of the soleus muscle it appears that the difference in the muscle mass is due both to a difference in the number of muscle fibers (2-fold more fibers in BEH than BEL) and in their CSA (2-fold larger fibers in BEH than in BEL). In addition, a greater proportion of type 2A, fast twitch fibers, which are 12-19% larger than type 1 fibers, in the muscle of BEH strain also contributed to larger muscle mass. An additional contributor to the muscle mass difference is the length of the muscle. Although the latter index has not been directly assessed, longer bones (e.g., 26% longer femur) in BEH than BEL (Lionikas A, unpublished observation) provide a larger framework for muscle growth. The significant positive correlation among weights of different hindlimb muscles (23) is consistent with the idea that similar cellular mechanism (i.e., number, size, and proportion of fiber types) contributed to the variation in the weight of muscles.
Such properties of the muscle as number of fibers in rodents are determined at the embryonic stage (18) when myoblast precursors proliferate and then differentiate into muscle fibers. Thereafter the number of differentiated fibers remains largely unchanged through the most of the lifespan (13) . In contrast, the size of the fibers undergoes a rapid postnatal growth: during the first month after birth, CSA of the fibers increase by sevenfold (12) yet is still well below the CSA and length of the adult fiber (39) . Thus, mechanisms determining the number and size of muscle fibers are set during different developmental and growth phases and are likely to involve different pathways. For instance, we found that compact allele increased the CSA and reduced proportion of type 1 fibers in a dominant and recessive manner, respectively (Fig. 1) . This difference in the mode of the allelic effect is consistent with the idea that different mechanisms determine the CSA of the fibers and the proportion of fiber types.
A doubling in muscle size has been reported in myostatin knockouts (32) and in the homozygous carriers of the compact allele on BEH background (1) although only one muscle, EDL, was examined in the latter study. Consistent with those observations, the compact allele in the present study accounted for a substantial difference in muscle mass between the BEH and BEL strains. For instance, soleus weight decreased by Ϸ38%, from Ϸ16 mg in the BEH strain to Ϸ10 mg in the BEHϩ/ϩ. However, the cumulative effect of the remaining unknown allele(s) is still profound as soleus of the BEL strain reaches only Ϸ2 mg (Fig. 1) . The QTL scan identified one significant muscle weight QTL, overlapping with the compact locus, and four suggestive QTLs. Because the allelic effect of the suggestive QTL on chromosome 3, 6, and 9 were also noticeable in backcross populations, they are likely to represent genuine QTL. Muscle weight QTL in overlapping genomic regions were also reported in the crosses between C57BL/6J and DBA/2J (23) and between the LG/J and SM/J strains (26) . Yet the QTL yield in the present study was rather modest considering the magnitude of the between-strain difference. Although limited sample size diminishing QTL detection power could partially explain this finding, a low QTL count also reflects the fact that only some of the mechanisms contributing to the variation of muscle mass were probed in our model. We hypothesize that variation in the number of fibers, a prenatally determined variable, was the main contributor to the variation in muscle size in the F2 and backcross populations, determined at 21 days. Thus, the captured genetic architecture is likely to be related to the mechanisms primarily determining abundance of muscle fibers but not their size. The CSA of the fibers at this age is only half of the adult fiber size (12) , and therefore the mechanisms contributing to the fiber size differences between the strains have not had the opportunity to manifest themselves fully. The fact that muscle weight did not differ between males and females in the F2 population or the backcrosses is consis- Values are presented in mg of weight and as a fraction of the mean SD of 3 genotype classes in the F2 population (in parentheses). Positive a value is consistent with an increasing effect of BEH allele, negative with increasing BEL allele.QTL, quantitative trait locus. tent with the idea that fiber number but not their size is the main contributor to the variation in muscle mass. In adult mice, males exhibit larger muscles and larger muscle fibers than females, likely due to the influence of androgens. However, in the animals of the same genetic background the number of fibers is similar between males and females (9) . Thus, the genetic architecture contributing to the variation in the fiber size would remain largely invisible in the 21-day-old animals. Sampling of older animals, at 70 days of age, as in the between-strain comparison, would be required to shed light on the genetic architecture governing variation in CSA of the fibers. Consistent with the notion of age-specific effects, a number of QTL of the genetic architecture for growth in body weight from 6 to 10 wk of age were not detected in the analyses of growth between 1st and 3rd week of age (38) .
The number of genes expressed in gastrocnemius muscle, 13,793 was close to the number (13,726 genes) observed in the tibialis anterior of the LG/J and SM/J strains, another model of divergent muscle mass (28) . Such similarity between the transcriptome of the two different muscles and different genetic backgrounds suggests the robustness of the RNA-Seq method. Despite the similarity in the number of expressed genes, the number of differentially expressed genes between muscles of BEHϩ/ϩ and BEL strains, 2,148, was nearly two times higher than that between the LG/J and SM/J strains (1, 184) . Similarly, the number of coding polymorphisms, nonsynonymous SNPs, and indels between BEHϩ/ϩ and BEL strains were nearly four-and 14-fold higher than the corresponding indexes between LG/J and SM/J strains (28) . These differences between the two models in genomic and gene expression indices are likely to underlie the extent of the phenotypic difference; for instance the LG/J strain muscles are twofold larger than corresponding SM/J muscles, whereas the difference between BEHϩ/ϩ and BEL strains is up to fourfold. From that point of view, the BEH/BEL lineage offers great potential for discovery of the genes affecting skeletal muscle traits. Within four QTL regions (excluding the myostatin harboring QTL on chromosome 1) there were 219 differentially expressed genes, 138 nonsynonymous SNPs, and one frame shift indel (Supplemental Tables S2, S4 , and S5). Such wealth of potential candidates calls for further improvement in mapping resolution and refinement of the list.
Anatomical characteristics of the soleus muscle in the BEL strain deviated from the conventional. In all examined mice we observed the anomaly known as SFAA, which we previously described in the C57BL/6J and DBA/2J lineage (25, 27) . The phenotypic expression was more robust (all mice expressed SFAA bilaterally except one unilateral case out of 21 assayed animals) than we found in the most susceptible BXD1 recombinant inbred (RI) strain (25) . Expression of SFAA was not a consequence of a small muscle size in the BEL strain because the phenomenon was also expressed in the F2 animals, which were both above and below the average muscle weight for that population. Consistent with the genetic nature of the phenotype we observed different frequencies of its expression between the backcrosses to BEL and BEH strains. We then tested whether the phenotype could be driven by a single gene. However, a single gene model was rejected because it predicted a higher incidence of the phenotype than was observed. The QTL in the BC L population identified two markers on chromosome 2 and 3. Subsequent testing of the two peak markers, however, did not replicate the association in the F2 intercross. These QTL did not overlap with the SFAA QTL identified in the BXD RI strains either (25) . Thus, while the BEL/BEH lineage provides an interesting model for exploration of incompletely understood developmental mechanisms of musculoskeletal system, a larger sample is required to pursue the underlying genes.
In conclusion, contrasting musculoskeletal characteristics between the BEH and BEL strains provide a promising model for the search of genes responsible for muscle growth and anatomical organization of the musculoskeletal system. Genomic and gene expression differences are extensive. and improved mapping resolution is required to narrow down the list of potentially causative genes. 
